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(54) NOVEL GLUCOSE DEHYDROGENASE AND PROCESS FOR PRODUCING THE 
DEHYDROGENASE 



(57) A novel glucose dehydrogenase, which is an 
enzyme that has high substrate specificity, can be pro- 
duced at a low cost, is not affected by oxygen dissolved 
in a measurement sample and, in particular, has supe- 



rior thermal stability is obtained by culturing a microor- 
ganism belonging to the genus Burkhorderia and having 
glucose dehydrogenase producing ability in a medium 
and collecting glucose dehydrogenase from the medium 
and/or cells of the microorganism. 
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Description 
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[0018] A further object of the present invention is to provide a DNA encoding the aforementioned enzyme, a recom- 
binant vector containing the DNA encoding the enzyme and a transformant transformed with the recombinant vector 
[001 9] A still further object of the present invention is to provide a glucose sensor using an enzyme electrode including 
the aforementioned enzyme, transformant or microorganism and a glucose assay kit including the aforementioned 
enzyme. 

[0020] The inventors of the present invention successfully isolated Burkhorderia cepacia producing an enzyme 
achieving the aforementioned objects from soil near hot springs, and thus accomplished the present invention. 
[0021] Thus, the present invention provides the followings. 

(1) A method for producing glucose dehydrogenase comprising the steps of culturing a microorganism belonging 
to the genus Burkhorderia and having glucose dehydrogenase producing ability in a medium, and collecting glu- 
cose dehydrogenase from the medium and/or cells of the microorganism. 

(2) The method for producing glucose dehydrogenase according to (1 ), wherein the microorganism is Burkhorderia 
cepacia. 

(3) The method for producing glucose dehydrogenase according to (1 ) or (2), wherein the glucose dehydrogenase 
has the following properties: 

(i) the enzyme has an action of catalyzing dehydrogenation reaction of glucose; 

(ii) the enzyme consists of subunits showing a molecular weight of about 60 kDa and a molecular weight of 
about 43 kDa in SDS-polyacrylamide gel electrophoresis under a reducing condition; 

(iii) the enzyme shows a molecular weight of about 380 kDa in gel filtration chromatography using TSK Gel 
G3000SW (Tosoh Corporation); and 

(iv) the enzyme shows an optimal reaction temperature around 45°C (Tris-HCI buffer, pH 8.0). 

(4) The method for producing glucose dehydrogenase according to (3), wherein the subunit showing a molecular 
weight of about 43 kDa is an electron -transferring protein. 

(5) The method for producing glucose dehydrogenase according to (4), wherein the electron-transferring protein 
is cytochrome C. • 

(6) A glucose dehydrogenase, which can be produced by a microorganism belonging to the genus Burkhorderia. 

(7) The glucose dehydrogenase according to (6), wherein the microorganism is Burkhorderia cepacia. 

(8) The glucose dehydrogenase according to (6) or (7), wherein the glucose dehydrogenase has the following 
properties: 

(i) the enzyme has an action of catalyzing dehydrogenation reaction of glucose; 

(ii) the enzyme consists of subunits showing a molecular weight of about 60 kDa and a molecular weight of 
about 43 kDa in SDS-polyacrylamide gel electrophoresis under a reducing condition, 

(iii) the enzyme shows a molecular weight of about 380 kDa in gel filtration chromatography using TSK Gel 
G3000SW (Tosoh Corporation); and 

(iv) the enzyme shows an optimal reaction temperature around 45°C (Tris-HCI buffer, pH 8.0). 

(9) The glucose dehydrogenase according to (8), wherein the subunit showing a molecular weight of about 43 kDa 
is an electron -transferring protein. 

(10) The glucose dehydrogenase according to (9), wherein the electron-transferring protein is cytochrome C. 

(11) The glucose dehydrogenase according to any one of (8) to (10), wherein the subunit showing a molecular 
weight of about 60 kDa comprises the amino acid sequence of the amino acid numbers 2 to 12 in SEQ ID NO: 3. 

(12) The glucose dehydrogenase according to any one of (8) to (11 ), wherein the N-terminus of the subunit showing 
a molecular weight of 43 kDa has the amino acid sequence of SEQ ID NO: 5. 

(13) The glucose dehydrogenase according to (11), wherein the subunit showing a molecular weight of about 60 
kDa is a protein defined in the following (A) or (B): 

(A) a protein which has the amino acid sequence of SEQ ID NO: 3; 

(B) a protein which has the amino acid sequence of SEQ ID NO: 3 including substitution, deletion, insertion 
or addition of one or several amino acid residues and a glucose dehydrogenase activity. 

(14) The glucose dehydrogenase according to (6), which shows activity peaks around 45°C and around 75°C. 

(15) A cytochrome C. which is a subunit of the glucose dehydrogenase according to (10) and has the amino acid 
sequence of SEQ ID NO: 5. 

(16) A DNA encoding a part of the cytochrome C according to (15) and having the nucleotide sequence of SEQ 
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ID NO: 8. 

iuoL«£ NA en °° din ? Q a part of the cytochrome C according to (15) and having the nucleotide sequence of the 
nucleotide numbers 2386 to 2467 in the nucleotide sequence of SEQ ID NO- 1 

i!, 8 ini D ^ h enCO< ! in9 ! Signa ' PeP " de ° f *° c y tochrome c accord '"9 'o (15) and comprising the nucleotide se- 
quence of the nucleotide numbers 2386 to 2451 in the nucleotide sequence of SEQ ID NO' 1 

nln pe i pt , ide J hiC [* is a si 9 nal P e P lide of cytochrome C and has the amino acid sequence of the amino acid 
numbers 1 to 22 in the amino acid sequence of SEQ ID NO: 4. 
(20) A protein having the following properties: 

(i) the protein can constitute the glucose dehydrogenase according to (6) as a subunit; 

(ii) the protein has a glucose dehydrogenase activity; 

(iii) the protein shows a molecular weight of about 60 kDa in SDS-polyacrylamide gel electrophoresis under 
a reducing condition; and 

(iv) the protein shows an optimal reaction temperature around 75°C (Tris-HCI buffer, pH 8.0). 

in i SEQDNSr 0 '* 9 10 <20) ' WhiCh C0mPriS6S amin ° 3Cid SeqUSnCe ° f thS amin ° add nUmbers 2 t0 12 

!m Hl?l 9 H UCO r ydr09enase accordin 9 10 < 21 >• wh6rein the protein is a protein defined in the following (A) or 
(B) defined in the following (A) or (B): yi ' 

(A) a protein which has the amino acid sequence of SEQ ID NO: 3; 

(B) , a protein which has the amino acid sequence of SEQ ID NO: 3 including substitution, deletion, insertion 
or addition of one or several amino acid residues and a glucose dehydrogenase activity. 

(23) A protein defined in the following (A) or (B): 

(A) a protein which has the amino acid sequence of SEQ ID NO: 3; 

(B) a protein which has the amino acid sequence of SEQ ID NO: 3 including substitution, deletion insertion 
or addition of one or several amino acid residues and a glucose dehydrogenase activity. 

(24) A DNA encoding a protein defined in the following (A) or (B): 

(A) a protein which has the amino acid sequence of SEQ ID NO: 3; 

(B) a protein which has the amino acid sequence of SEQ ID NO: 3 including substitution, deletion, insertion 
or addition of one or several amino acid residues and a glucose dehydrogenase activity. 

(25) The DNA according to (24), which is a DNA defined in the following (a) or (b): 

fequence oTsEQ ID NcTl ^ nUC,e ° tide sequence of the nu ^eotide numbers 764 to 2380 in the nucleotide 

764 to 2380 ,n SEQ ID NO: 1 or a probe that can be prepared from the sequence under a stringent condition 
and encodes a protein having a glucose dehydrogenase activity. 

(26) A recombinant vector comprising the DNA according to (24) or (25) 
So^n^ 

(26) o r , ( r 27) Sf0rmant tranSf ° rmed With the ° NA aCCOrding to < 24 > or < 25 > or tne recombinant vector according to 

to!28Un e ^l f r P T dUCin9 , 9 !! J T e deh y dr °9 enase com P risi "9 the steps of culturing the transformant according 
oif ? 1 P , 9 UC ° Se denvdr °9enase as an expression product of the DNA, and collecting it 
(30) A Burkhorderia cepacia KS1 strain (FERM BP-7306). 

!«! A M 9 J?T e S6 . nSOr U$in ^ an 6nZyme eleCtr ° de including ,he 9 ,ucose dehydrogenase according to any one of 
toSS aCC ° 10 ° f (20) t0 <23) " ,ranSf ° rmam aCCOrdin9 10 < 27 > or the strain Wording 

(32) A glucose assay kit including the glucose dehydrogenase according to any one of (6) to (14) or the protein 
according to any one of (20) to (23). ' proiein 

(33) A protein having the amino acid sequence of SEQ ID NO: 2. 
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(34) A DNA encoding a protein having the amino'acid sequence of SEQ ID NO: 2. 

(35) The DNA according to (34), which comprises the nucleotide sequence of the nucleotide numbers 258 to 761 
in the nucleotide sequence of SEQ ID NO: 1 . 

(36) A DNA comprising the DNA according to (34) or (35) and the DNA according to (24) or (25) in this order. 

5 (37) The DNA according to (36), which comprises the nucleotide sequence of the nucleotide numbers 258 to 2380 

in the nucleotide sequence of SEQ ID NO: 1 . 

(38) A recombinant vector comprising the DNA according to (36) or (37). 

(39) The recombinant vector according to (38) : which comprises nucleotide sequences encoding the signal peptide 
according to (1 8) and a p-subunit. 

10 (40) A transformant transformed with the DNA according to (36) or (37) or the recombinant vector according to 

(38) or (39). 

(41) A method for producing glucose dehydrogenase comprising the steps of culturing the transformant according 
to (40) to produce glucose dehydrogenase as an expression substance of the DNA according to (36) or (37), and 
collecting it. 

15 

[0022] Hereafter, the present invention will be explained in detail. 

<1> Novel bacterial strain producing glucose dehydrogenase of the present invention 

20 [0023] The enzyme of the present invention (hereinafter, also referred to as M the enzyme" or "GDH") can be produced 
by a bacterium belonging to the genus Burkhorderia. The Burkhorderia bacterium used for the present invention is not 
particularly limited so long as it is a Burkhorderia bacterium having ability to produce the enzyme. However, Burkhor- 
deria cepacia, in particular, the Burkhorderia cepacia KS1 strain is preferred. This bacterial strain is a novel bacterial 
strain isolated by the inventors of the present invention from soil near hot springs as described later in the examples 

25 and was identified as Burkhorderia cepac/abased on its bacteriological properties. Conventionally, it has been unknown 
that a microorganism belonging to the genus Burkhorderia can produce glucose dehydrogenase. This bacterial strain 
was designated as KS1 strain. This strain was deposited at International Patent Organism Depositary, National Institute 
of Advanced Industrial Science and Technology (Tsukuba Central 6, 1 -1 , Higashi 1-chome, Tsukuba-shi, Ibarakiken, 
Japan, postal code: 305-8566) on September 25, 2000 and received a microorganism accession number of FERM 

30 BP-7306. 

[0024] The inventors of the present invention obtained some Burkhorderia cepacia strains other than the Burkhor- 
deria cepacia KS1 strain, which were deposited at Institute for Fermentation (Osaka, IFO) or Japan Collection of Mi- 
croorganisms (JCM), the Institute of Physical and Chemical Research, and measured their glucose dehydrogenase 
activities. As a result, they confirmed that all of these bacterial strains had the activity. 

35 

<2> Glucose dehydrogenase of the present invention 

[0025] If a Burkhorderia bacterium having glucose dehydrogenase producing ability, for example, the Burkhorderia 
cepacia KS1 strain, is cultured in a nutrient medium used for usual culture of a microorganism, preferably a medium 

40 containing glucose or a substance containing glucose in order to increase the enzyme producing ability, the glucose 
dehydrogenase of the present invention is produced and accumulated in a culture product or cultured cells. Therefore, 
it can be collected by a known method. The method for producing the enzyme will be specifically explained by exem- 
plifying the Burkhorderia cepacia KS1 strain. First, the Burkhorderia cepacia KS1 strain is cultured in a suitable nutrient 
medium, for example, a medium containing suitable carbon source, nitrogen source, inorganic salts, glucose or sub- 

45 stances containing these and so forth to produce and accumulate the enzyme in the culture product or the cultured cells. 
[0026] As the carbon sources, any substance that can be assimilated can be used, and examples include, for ex- 
ample, D-glucose, L-arabinose, D-xylose, D-mannose, starch, various peptones and so forth. As the nitrogen sources, 
there can be used yeast extract, malt extract, various peptones, various meat extracts, corn steep liquor, amino acid 
solutions and organic and inorganic nitrogen compounds such as ammonium salts or substances containing these. As 

50 the inorganic salts, there can be used various phosphoric acid salts and salts of magnesium, potassium, sodium, 
calcium and so forth. Further, as required, various inorganic and organic substances required for growth of the bacte- 
rium or production of the enzyme, for example, silicone oil, sesame oil, defoaming agents such as various surfactants 
and vitamins can be added to the medium. 

[0027] As for the culture method, although either liquid culture or solid culture may be used, liquid culture is usually 
55 preferred. 

[0028] The enzyme of the present invention can be obtained from the medium and/or the cells in the culture obtained 
as described above. The enzyme existing in the cells can be obtained as a cell extract by disrupting or lysing the cells. 
[0029] The glucose dehydrogenase in the culture product or the cell extract can be purified by a suitable combination 
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™?n7^° 9ra 5 V l , T BS USin9 a " i0n exchan 9 er < a 9el filtration carrier, a hydrophobic carrier and so forth, 
th! n>LI h 8 k T 6n2yme 030 66 measured b * ,ne same m ethods as known methods for measurement of 
late! ^IrS exaSes 9enaSe SpeCifiCa,ly> the activity can be measured b * for exam P'e. *e method described 

[0031) Physicochemical properties of the novel glucose dehydrogenase of the present invention are as follows: 

(i) the enzyme has an action of catalyzing dehydrogenation reaction of glucose 

(ii) the enzyme consists of subunits showing a molecular weight of about 60 kDa and a molecular weight of about 
KDa in SDS-polyacrylamide gel electrophoresis under a reducing condition 

Snn^w^r 6 k? WS 8 m ° leCU,ar Wei9ht ° f 8601,1 380 kDa in 9el filtration chromatography using TSK Gel 
G3000SW (Tosoh Corporation); and 

(iv) the enzyme shows an optimal reaction temperature around 45°C (Tris-HCI buffer, pH 8.0). 

[0032] The glucose dehydrogenase shows an activity peak around 45°C under the aforementioned condition and 
also shows an activity peak around 75°C (refer to Fig. 3 (a)). No GDH has been known which shows the activity peak 
in two of temperature regions as described above. 

[0033] The molecular weight and the optimal temperature can be measured by the methods described later in the 

GXcim piGS . 

[0034] The aforementioned glucose dehydrogenase of the present invention consists of two of separate polypeptides 
he a-subun, hav.ng a molecular weight of about 60 kDa and the p-subunit having a molecular weight of about 43 kDa 
(heremaften this glucose dehydrogenase is also referred to as "multimer enzyme"). The inventors of the present in- 
vention further investigated these two of subunits in detail. M 
[0035] It was found that the p-subunit was cytochrome C (as shown later in the examples). A protein containing only 
the a-subunit exhibits the following physicochemical properties: V 

(i) the protein can constitute the glucose dehydrogenase as a subunit. 

(ii) the protein has a glucose dehydrogenase activity; 

(Hi) the protein shows a molecular weight of about 60 kDa in SDS-polyacrylamide gel electrophoresis under a 
reducing condition; and 

(iv) the protein shows an optimal reaction temperature around 75°C (Tris-HCI buffer, pH 8.0). 

[0036] The optimal temperature can be measured by the method described later in the examples 
[0037] Since this protein itself has the enzymatic activity, the protein may be optionally called as "peptide enzyme" 
or enzyme" depending on the content of the explanation. y 
[0038] As a specific embodiment of the peptide enzyme of the present invention, a protein having the amino acid 
sequence of SEQ ID NO: 3 can be mentioned. Further, this peptide enzyme may be a protein having the amino acid 
sequence centring substitution, deletion, insertion or addition of one or more amino acid residues in the amino acid 
sequence of SEQ .D NO: 3 so long as it has the GDH activity. Although an amino acid sequence that can be encoded 
by the nuoleot.de sequence of SEQ ID NO: 1 is shown as SEQ ID NO: 3, the methionine residue at the N-terminus 
«> may be eliminated after translation. 

[0039] Further, as a specific embodiment of the multimer enzyme of the present invention, there can be mentioned 
a mulhmer containing a protein of which a-subunit has the amino acid sequence of SEQ ID NO- 3 Further the afore 
Tc^Tn M,f I™ f" 2 ^ 06 3 mU ' timer containin 9 a P^n of which «- S ubunit has the amino acid sequence 

45 ? . ? h !u 3 ,nC,Udln9 substi,ution - deleti0 ". ^ertion or addition of one or more amino acid residues, so long as 
45 it has the GDH activity. y 

[0040] In the present invention, "one or more" means a number of 1 to 10, preferably 1 to 5, particularly preferably 

[0041] The inventors of the present invention confirmed existence of a y-subunit in addition to the aforementioned 
a-subunU and p-subunit. 

[0042] In the examples described later, the y-subunit was removed at the stage of purifying the enzyme of the present 
.nventionfromaculturesupematantorcellextract.and therefore the y-subunit was not confirmed in the purified enzyme 
However, as shown in the examples, when the y-subunit was expressed together with the a-subunit, a high enzymatic 
activity was obta.ned in comparison with the case where only the a-subunit was expressed. This suggested that the 
y-subunrt was a protein involved in the production of the a-subunit in a microbial cell in some sort of way. Assuming 
that the specite activity of the a-subunit (enzymatic activity per protein) is the same in either case, a lower enzymatic 
activrty indicates a smaller amount of the a-subunit as an enzyme since the enzymatic activity reflects the amount of 

»l em lT K 6 ° ther hanQ ' the pr0dUCed a - SUbunit may be P ro,ec,ed ,he TSMl in a certain manner or 
although the a-subunit as a protein is fully expressed, it cannot have the three-dimensional structure for exhibiting the 
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enzymatic activity due to the absence of y-subunit, and thus the enzymatic activity may become low. In either case, a 
high enzymatic activity can be obtained when the y-subunit is expressed together with the a-subunit. 

<3> DNA of the present invention 

5 

[0043] The DNA of the present invention can be obtained from a microorganism containing the DNA of the present 
invention, for example, Burkhorderia cepacia. The DNA of the present invention was isolated from chromosomal DNA 
of Burkhorderia cepacia in the process of accomplishing the present invention. However, since its nucleotide sequence 
and the amino acid sequence encoded by this nucleotide sequence were elucidated by the present invention, the DNA 
10 can also be obtained by chemical synthesis based on those sequences. Further, the DNA of the present invention can 
also be obtained from chromosomal DNA of Burkhorderia cepacia or the like by hybridization or PCR using an oligo- 
nucleotide prepared based on the aforementioned sequences as a probe or a primer. 

[0044] In addition to a DNA which encodes a protein having the amino acid sequence of SEQ ID NO: 3, the DNA of 
the present invention may be a DNA which encodes a protein having an amino acid sequence of SEQ ID NO: 3 con- 
15 taining substitution, deletion, insertion or addition of one or more amino acid residues in the amino acid sequence and 
has the GDH activity. 

[0045] As the DNA of the present invention, there can be specifically mentioned a DNA comprising the nucleotide 
sequence of the nucleotide numbers 764 to 2380 in the nucleotide sequence of SEQ ID NO: 1 . The nucleotide sequence 
of the nucleotide numbers 764 to 2380 in the nucleotide sequence of SEQ ID NO: 1 encodes the a-subunit of GDH 

20 having the amino acid sequence of SEQ ID NO: 3. 

[0046] Further, the DNA of the present invention may also be a DNA which is hybridizable with the nucleotide se- 
quence of the nucleotide numbers 764 to 2380 in the nucleotide sequence of SEQ ID NO: t or a probe that can be 
prepared from the sequence under a stringent conditions and encodes a protein having the GDH activity. 
[0047] It is estimated that the nucleotide sequence of the nucleotide numbers 258 to 761 in the nucleotide sequence 

25 of SEQ ID NO: 1 encodes the 7-subunit. The amino acid sequence is shown in SEQ ID NO: 2. It is considered that, 
since the structural gene of the y-subunit is included in a region upstream from that of the a-subunit, and thus the y- 
subunit is expressed first and already exists as a protein upon the production of the a-subunit by a microorganism, the 
a-subunit can be efficiently produced in the microorganism. Therefore, the DNA of the present invention may include 
a DNA encoding the amino acid sequence of SEQ ID NO: 2 in addition to the aforementioned DNA. 

30 [0048] A DNA encoding a protein substantially identical to the aforementioned protein having the amino acid se- 
quence of SEQ ID NO: 3 can be obtained by, for example, a method such as the site-directed mutagenesis or muta- 
genesis treatment. The GDH activity of a protein encoded by a DNA introduced with a mutation can be measured, for 
example, as follows. 

[0049] An enzyme sample and glucose as a substrate are added to 10 mM potassium phosphate buffer {pH 7.0) 
35 containing 594 jiM methylphenazine methosulfate (mPMS) and 5.94 uM 2,6-dichlorophenol-indopheol (DCIP) and 
incubated at 37°C. Change in absorbance of the DCIP at 600 nm is monitored by using a spectrophotometer, and the 
absorbance decreasing rate is measured as an enzymatic reaction rate. 

[0050] Further, the nucleotide sequence consisting of the nucleotide of the nucleotide number 2386 and the sequence 
after the nucleotide of the nucleotide number 2386 in the nucleotide sequence of SEQ ID NO: 1 is estimated to encode 

40 the (J-subunit. Further, the nucleotide sequence of the nucleotide numbers 2386 to 2451 is estimated to encode the 
signal peptide of the p-subunit. An estimated amino acid sequence of this signal peptide is the amino acid sequence 
of amino acid numbers 1 to 22 in SEQ ID NO: 4. The signal peptide is a peptide necessary for a protein synthesized 
in ribosome to be secreted through the membrane and has been found to comprise 15 to 30 hydrophobic amino acid 
residues. Therefore, since the amount of proteins in the culture supernatant is increased due to the existence of the 

45 signal peptide, this is a peptide effectively acting in a method of producing a protein. 

[0051] Hereafter, an example of a method for obtaining the DNA of the present invention will be explained. 
[0052] Chromosomal DNA is isolated from a microorganism such as Burkhorderia cepacia and purified, and the 
chromosomal DNA is cleaved by ultrasonication, restriction enzyme treatment or the like and ligated to a linear ex- 
pression vector and cyclized by using a DNA ligase or the tike to construct a recombinant vector. The obtained recom- 

50 binant vector is introduced into a host microorganism in which the vector is autonomously replicable, and the trans- 
formants are screened by using a vector marker and expression of an enzymatic activity as indexes to obtain a micro- 
organism harboring a recombinant vector containing a gene encoding GDH. The recombinant vector contained in the 
obtained microorganism is expected to contain at least the nucleotide sequence encoding the a-subunit. Further, if the 
cloned fragment has a sufficient size, it is very likely that the nucleotide sequence encoding the y-subunit is also con- 

55 tained. 

[0053] Then, the microorganism having the recombinant vector can be cultured, the recombinant vector can be 
isolated from the cells of the cultured microorganism and purified, and the gene encoding GDH can be collected from 
the expression vector. For example, chromosomal DNA serving as a gene donor is specifically collected, for example, 
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as follows. 

[0054] The aforementioned gene donor microorganism can be cultured with stirring for 1 to 3 days for example and 

Tso fl Z^TZ T ° f Ce " S ' 3 treatm6nt iS Perf0rmed ^ usina a bacteriolytic enzyme such as 

lysozyme, and other enzymes such as protease and surfactants such as sodium dodecylsulfate (SDS) are used in 
comb.nation as required. Further, a physical cell disruption method such as freeze and thawing or Sen p ess trea" 
ment may also be employed in combination. ^ 
[0055] The DNA can be isolated and purified from the lysate obtained as described above in a conventional manner 
or example by a suitab.e combination of deproteinfea.ion by pheno. treatment or protease tmatJTS™^ 
treatment, alcohol precipitation and so forth. ' nDonuclea se 

[0056] The DNA isolated and purified from a microorganism can be cleaved by, for example, uttrasonication restric- 

h k !, r6S,nct,on 6n2 y me used ™y generate an end matching a digested end of a vector or the digested 
end may be blunt-ended by using an arbitrary restriction enzyme and ligated to the vector °"ned,gested 

S, JUL*"* V T' US6d C '° nin9, 3 Pha9e tha * Mn autonomo ^ly grow in a host microorganism or a plasmid 
Sis EES? reC ° mbinati0n is suitable Exam P' es ^ th. phage include, for example, when Escherichia 

coins used as the host m.croorgan.sm, Lambda gt10, Lambda gt11 and so forth. Further, examples of the olasmid 

:tt fo ; e r A ple , wh e e n Escherichia co,i is used as the host p br 32 2. p u™z %t 8 js? 

™=1 9 ' PTrC " A and P Bluescri P' 38 weU as SuperCosl. which is a cosmid. and so forth 
Seu?^^ 

enzyme used for the digeshon of a microbial DNA as the aforementioned donor of a gene encoding GDH However 

need to be used. The method for Hgating the microbial DNA fragment and the vector DNA fragment may be a known 

method using a DNA Ifcase. For example, an adhesive end of the microbial DNA fragment and I an 

vector fragment are ligated, and then a recombinant vector containing the microbial DNA fragment and the vector dnI 

SSr^E** ^ USin9 8 "J 13 "' 6 ° NA "' gaSe - " reqUiredl ^ the ,i9ati0 "' the f « - a's beTnlTed 
00591 Thl hT r9an ' Sm ° Pr ° dUCe recombinant V6cto ' b V ^i^ing a DNA ligase existing in the microorganism 
[0059, The host m.croorgan,sm used for the cloning is not particularly limited so long as the recombinant vector is 

DH5n * i'r? T^T^ 9r0W in the h ° St ' and 3 f ° rei9n gene can be e *P ressed in ^e host. EscTerJcTa coii 
DH5ct, XL-1 BlueMR and so forth can generally be used. con 

[ r^°LrT ,hemethod for introducin 9 the recombinant vector into the host microorganism, for example when the 
can be used ^ " '* °* ^ M ma,hod ^ Ca,CiUm tre «. *ctropon£n or the Z 

tel*J!ZT\ m t e , C ' 0ned fra9ment ° btained bV aforementioned ^thod encodes GDH can be confirmed by 
decodmg the nucleotide sequence of the fragment in a conventional manner 

SLis^dior" 1 invention can be obtained by co,iectin9 a recombinant vect ° r «■« 

[0063] GDH can be produced by culturing a transformed containing the DNA of the present invention or a recom 
bmant vector containing the DNA to produce GDH as an expression product of the DNA and aJXtSS 
or culture broth. For th,s production, a.though the DNA of the present invention may be a DNA encoding thelsubun" 
r^TT f be mCreaSed by fUrth6r ex P ressi "9 the r subunit together with the a-subunit 

[0064] Examples of the microorganism in which GDH is produced include enteric bacteria such as Escherichia coli 

fn^TT baCt6ria t UCh 35 th ° Se ° f the 9enera Ps ^~s and Gluconobacte, Gram-positive bacteria includ- 
ing Bacllus bactena such as BacUlus subMs, yeasts such as Saccharomyces cerevisiae and fiiamentous fungi such 

suitabSoToSo ,T er - miCr °° rganism is not » mited to »- microorganisms, and any host microorg 9 sm 
suitable for production of foreign proteins can be used. 

[0065] The GDH gene contained in the once selected recombinant vector containing the GDH gene can be easilv 
transferred into a recombinant vector that can be replicated in a microorganism by recovering a D N A^h ich is the GDH 
gene from the recombinant vector containing the GDH gene by using a restriction enzyme or by PCm^^ » ™ 
Tf FUrthe ' ^ ™ rooraanism can be easily transformed with these vectors, for exampj by he 
Sor KUR mShSri °?T treatmSnt th6 Pr0t0plaSt me,hod for "sbacte a 

^ « S^SS? m,Cr ° manipUlati0n meth ° d ** ^™ *"* aad - ^. Further, electro: 

[0066] The host microorganism into which a target recombinant vector is introduced can be selected by searchina 
mT£n3T I' 31 S,mUl,ane ° US,y eXpre&SeS 3 dmg r6SiStance marker of the "nlaWno the target DNA and 

[0067] As for the culture method of the transfonmant, culture conditions can be selected by considering nutritional 
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and physiological properties of the host. In many cases, liquid culture is performed. It is industrially advantageous to 
perform aerobic culture with stirring. 

[0068] As nutrients of the medium, those usually used for culture of microorganisms can be widely used. As carbon 
sources, any carbon compounds that can be assimilated can be used, and examples thereof include glucose, sucrose, 

5 lactose, maltose, lactose, molasses, pyruvic acid and so forth. Further, as nitrogen sources, any nitrogen compounds 
that can be utilized can be used, and examples thereof include peptone, meat extracts, yeast extract, casein hydro- 
lysate, soybean meal alkaline extract and so forth. In addition, phosphoric acid salts, carbonic acid salts, sulfuric acid 
salts, salts of magnesium, calcium, potassium, iron, manganese, zinc and so forth, particular amino acids, particular 
vitamins and so forth are used as required. 

10 [0069] Although the culture temperature can be appropriately changed in a range in which bacteria grow and produce 
GDH, it is preferably about 20°C to 42°C. The culture time somewhat varies depending on the conditions. However, 
the culture can be completed at an appropriate time estimated to give the maximum GDH level, and the culture time 
is usually about 12 to 72 hours. Although pH of the medium can be appropriately changed in a range in which bacteria 
grow and produce GDH, it is preferably in the range of about pH 6.0 to 9.0. 

15 [0070] The culture broth containing cells producing GDH in the culture can be collected and utilized as they are. 
However, when GDH exists in the culture broth, the culture broth is usually separated into a GDH-containing solution 
and microorganism cells by filtration, centrifugation or the like in a conventional manner and then used. When GDH 
exists in the cells, the cells are collected from the obtained culture by means of filtration, centrifugation or the like, and 
then the cells are disrupted by a mechanical method or an enzymatic method such as use of lysozyme : and further 

20 added with a chelating agent such as EDTA and a surfactant to solubilize GDH, as required, to isolate and collect GHD 
as an aqueous solution. 

[0071] GDH can be precipitated from the GDH-containing solution obtained as described above by, for example, 
vacuum concentration, membrane concentration, salting out with ammonium sulfate, sodium sulfate or the like, or a 
fractional precipitation with a hydrophilic organic solvent such as methanol, ethanol and acetone. Further, heat treat- 
25 ment and isoelectric point treatment are also effective purification means. Then, GDH can be purified by a suitable 
combination of gel filtration using an adsorbent or gel filtration agent, absorption chromatography, ion exchange chro- 
matography and affinity chromatography to obtain purified GHD. 

[0072] A purified enzyme preparation can be obtained by isolation and purification based on column chromatography. 
Although the purified enzyme preparation is preferably purified to such an extent that a single band should be obtained 
so in electrophoresis (SDS-PAGE), it may contain the y-subunit. 

[0073] The purified enzyme obtained as described above can be made into powder by, for example, lyophilization, 
vacuum drying, spray drying or the like and distributed. 

[0074] Further, the amino acid sequence of the p-subunit can also be determined in the same manner as in the 
determination of the amino acid sequence of the a-subunit described later in the examples, and a DNA encoding the 
55 p-subunit can be isolated based on the sequence. Further, the p-subunit can also be produced by using the obtained 
DNA. Further, the multimer enzyme can also be produced by using a DNA encoding the a-subunit and DNA encoding 
the p-subunit. 

<4> Glucose sensor of the present invention 

40 

[0075] The glucose sensor of the present invention is characterized by using the enzyme of the present invention 
(the aforementioned multimer enzyme or peptide enzyme, or the aforementioned multimer enzyme or peptide enzyme 
containing the Y-subunit), the transformant of the present invention, or the microorganism of the present invention 
(Burkhorderia cepacia KS1 strain) as an enzyme electrode. As the electrode, a carbon electrode, gold electrode, plat- 

*5 inum electrode or the like can be used, and the enzyme of the present invention is immobilized on this electrode. 
Examples of the method for immobilization include a method of using a crosslinking reagent, a method of entrapping 
the enzyme in a polymer matrix, a method of covering the enzyme with a dialysis membrane, methods of using a 
photocrosslinking polymer, conductive polymer, oxidation-reduction polymer or the like. Alternatively, the enzyme may 
be immobilized in a polymer or immobilized on an electrode by adsorption together with an electronic mediator of which 

50 typical examples are ferrocene and derivatives thereof, or these methods may be used in combination. Typically, the 
glucose dehydrogenase of the present invention is immobilized on a carbon electrode by using glutaraldehyde, and 
glutaraldehyde is blocked by a treatment with a reagent having an amine group. 

[0076] The glucose concentration can be measured as follows. A buffer is placed in a constant temperature cell and 
added with a mediator, and a constant temperature is maintained. As the mediator, potassium ferricyanide, phenazine 
55 methosulfate and for forth can be used. An electrode on which the enzyme of the present invention is immobilized is 
used as a working electrode, and a counter electrode (e.g., platinum electrode) and a reference electrode (e.g., Ag/ 
AgC electrode) are used. A constant voltage is applied to the carbon electrode, and after a steady-state current is 
obtained, a sample containing glucose is added and the increase of the current is measured. The glucose concentration 
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in the sample can be calculated according to a calibration curve produced by using glucose solutions havinq standard 
concentrations. 

<5> Glucose assay kit of the present invention 

[0077] The saccharide assay kit of the present invention is characterized by including the enzyme of the present 
invention (the aforementioned multimer enzyme or peptide enzyme, or the aforementioned multimer enzyme or peptide 
enzyme containing the y-subunit). The glucose assay kit of the present invention includes the enzyme of the present 
invention in an amount sufficient for at least one assay. Typically, the kit includes, in addition to the enzyme of the 
present invention, a buffer, a mediator, standard solutions of glucose or the like for creating a calibration curve, which 
are necessary for the assay, and a guideline for use. The enzyme of the present invention can be provided in various 
forms, for example, as a lyophilized reagent or a solution in an appropriate storage solution. 

Brief Description of the Drawing s 

[0078] 

Fig. 1 shows a molecular weight of the enzyme of the present invention determined by native PAGE electrophoresis. 
Fig. 2 shows an electrophoretic photograph showing a molecular weight of the enzyme of the present invention 
based on SDS-PAGE electrophoresis. 

Fig. 3 shows the optimal reaction temperature (a) and thermal stability (b) of the enzyme of the present invention. 
Fig. 4 shows the optimal reaction temperature (a) and thermal stability (b) of a peptide enzyme constituting only 
the cc-subunit of the enzyme of the present invention. 

Fig. 5 shows results of spectrophotometry analyses of the enzyme of the present invention in the absence or 
presence of glucose before heat treatment (a) and spectrophotometric analyses of the enzyme of the present 
invention in the absence or presence of glucose after heat treatment (b). 
Fig. 6 shows responses of a glucose sensor using GDH obtained from a transformant to glucose at various tem- 
peratures. 

30 Best Mode for Carrying out the Invention 

[0079] The present invention will be explained more specifically with reference to the following examples. 
Example 1 : Acquisition of bacterium having glucose dehydrogenase producing ability 



.10 



15 



20 



25 



35 



[Screening] 



[0080] The microorganism of the present invention was obtained by collecting soil near various hot springs in Japan 
and selecting a bacterium having a glucose dehydrogenase activity among bacteria utilizing glucose as a nutrient from 
40 the soil. 

[0081] The results of investigation of morphological characteristics, growth characteristics and physiological char- 
acteristics of this strain are shown below. 



45 



50 



55 



[Bacteriological characteristics) 


Gram staining 


negative 


Cell morphology 


rod-shaped 


With polar flagellum 




Mobifity 


positive 


Number of fragments 


>5 


Optimal growth temperature 


45°C 


Oxidase 


negative 


Catalase 


positive 


Production of acetoin 


negative 


Production of H 2 S 


negative 


Production of indole 


negative 


Acid from glucose 


positive 



EP 1 331 272 A1 



(continued) 



[Bacteriological characteristics] 


Arginine dihydrolase 


negative 


Urease 


negative 


p-Glucosidase 


negative 


Protease 


negative 


P-Galactosidase 


positive 


Lysine carboxylase 


negative 


Ornithine carboxylase 


negative 


Reduction of nitrate 


positive 



[Assimilation characteristics] 


Glycerol 


positive 


Erythritol 


negative 


D-Arabinose 


negative 


L-Arabinose 


positive 


Ribose 


positive 


D-Xylose 


positive 


L-Xylose 


negative 


Adonitol 


positive 


p-Methyl-xyloside 


negative 


Galactose 


positive 


D-Glucose 


positive 


D- Fructose 


positive 


D-Mannose 


positive 


L-Sorbose 


negative 


Rhamnose 


negative 


Dulcitol 


positive 


Inositol 


positive 


Mannitol 


positive 


oorDitol 


positive 


/v-Miathx/l.r^-manrmciHo 
ul ivitriiiyi idiiiiUolUc 


negative 


a-Methyl-D-glucoside 


negative 


N -Acety l-gl ucosami ne 


positive 


Amygdaline 


negative 


Arbutin 


negative 


Esculin 


negative 


Saiicin 


negative 


Cellobiose 


negative 


Maltose 


negative 


Lactose 


negative 


Melibiose 


negative 


Sucrose 


negative 


Trehalose 


positive 


Inulin 


negative 


Melezitose 


negative 


D-Raffinose 


negative 


Amidon 


negative 


Glycogen 


negative 


Xylitol 


positive 
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(continued) 



[Assimilation characteristics] 


p-Gentiobiose 


negative 


D-Turanose 


negative 


D-Lyxose 


negative 


D-Tagatose 


negative 


D-Fucose 


negative 


L-Fucose 


negative 


D-Arabitol 


positive 


L-Arabitol 


positive 


Gluconic acid 


positive 


2-Ketogluconic acid 


positive 


5-Ketogluconic acid 


negative 


Capric acid 


positive 


Adipic acid 


positive 


Malic acid 


positive 


Citric acid 


positive 


Phenyl acetate 


positive 



[Oxidation characteristics) 




negative 


FrvthrifnJ 

L-l yii II ILUI 


negative 


w nictuiiiuoc 


negative 


L-Arabinose 


positive 


Ribose 


positive 


D-Xylose 


positive | 


L-Xylose 


negative 


Adonitol 


positive 


(3-Methyl-xyloside 


negative 


Galactose 


positive 


D-Glucose 


positive 


D-Fructose 


positive 


D-Mannose 


positive 


L- Sorbose 


negative 


Rhamnose 


negative 


Dulcitol 


positive 


Inositol 


positive 


Mannitol 


positive 


Sorbitol 


positive 


a-Methyl-D-mannoside 


negative 


a-Methyl-D-glucoside 


negative 


N-Acetyl-glucosamine 


negative 


Amygdaline 


negative 


Arbutin 


negative 


Esculin 


positive 


Salicin 


negative 


Cellobiose 


positive 


Maltose 


positive 


Lactose 


positive 


Melibiose 


negative 
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(continued) 



15 



20 



[Oxidation characteristics] 


Sucrose 


negative 


Trehalose 


positive 


Inulin 


negative 


Melezitose 


negative 


D-Raffinose 


negative 


Ami don 


negative 


Glycogen 


negative 


Xylitol 


negative 


p-Gentiobiose 


oositive 


D-Turanose 


negative 


D-Lyxose 


neaativ© 


D-Tagatose 


negative 


D-Fucose 


positive 


L-Fucose 


negative 


D-Arabitol 


positive 


L-Arabitol 


positive 


Gluconic acid 


negative 


2-Ketogluconic acid 


negative 


5-Ketogluconic acid 


negative 



[0082] The taxonomical position of the KS1 strain having the aforementioned bacteriological characteristics was 
investigated with reference to the Bergey's Manual of Determinative Bacteriology, and the strain was identified to belong 
to the genus Burkhorderia, and was a bacterial strain of Burkhorderia cepacia. 

[0083] The genus Burkhorderia was conventionally classified into the genus Pseudomonas, but is separately clas- 
sified as the genus Burkhorderia at present (Yabuuchi, E., Kosako, Y., Oyaizu, H., Yano, I., Hotta, H., Hashimoto, Y., 
Ezaki, T. and Arakawa, M., Microbiol. Immunol. Vol. 36 (12): 1251-1275 (1992); International Journal of Systematic 
Bacteriology, Apr., 1993, pp.398-399). 

[0084] Further, the inventors of the present invention obtained several Burkhorderia cepacia strains other than the 
Burkhorderia cepacia KS1 strain, which were deposited at the Institute for Fermentation, Osaka or the Japan Collection 
of Microorganisms (JCM), Institute of Physical and Chemical Research, and measured glucose dehydrogenase activ- 
ities of the strains, and they were confirmed to have the activity. The glucose dehydrogenase activity was measured 
by the method described later in Example 2. Relative activities of these strains based on the enzymatic activity of a 
water-soluble fraction of the KS1 strain, which is taken as 100, are shown in Table 1. 

Table 1 



45 



50 



55 







Glucose dehydrogenase activity 


Bacterial strain 


70° C 


45°C 


KS1 


Water-soluble fraction 


100 


100 


JCM5506 


Water-soluble fraction 


100, 


100 




Membrane fraction 


100 


100 


JCM5507 


Water-soluble fraction 


100 


100 




Membrane fraction 


100 


100 


JCM2800 


Water-soluble fraction 


100 


100 


JCM2801 


Water-soluble fraction 


100 


100 


IF015124 


Water-soluble fraction 


100 


100. 


I F0 14595 


Water-soluble fraction 


100 


100 
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Example 2: Extraction of glucose dehydrogenase 
<1> Culture of cells 

[0085J As the culture conditions of the bacterium, usual aerobic culture conditions were used. The cells were cultured 
at 34°C for 8 hours in 7 L of a medium containing the following ingredients per liter. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Polypeptone 


10g 


Yeast extract 


ig 


NaCI 


5g 


KH 2 P0 4 


2g 


Glucose 


5g 


Einol (ABLE Co., Tokyo, Japan) 


0.14 g 


Total volume including distilled water 


1 L 


Adjusted pH 


7.2 



[0086] In a volume of 7 L of the culture broth was centrifuged at 9.000 x g at 4°C for 1 0 minutes to obtain about 60 
g of cells. 

<2> Preparation of roughly purified fraction 

[0087] In an amount of 60 g of the cells were dispersed in 1 0 mM potassium phosphate buffer (pH 6.0), and a pressure 
difference of 1,500 Kg/cm* was applied to the cells by using a French press (Otake Corporation, Tokyo, Japan) to 
disrupt cell membranes. The cell extract was centrifuged at 8000 x g for 10 minutes to remove cellular solid. Further 
the supernatant was subjected to ultracentrifugation at 69,800 x g at 4°C for 90 minutes to obtain about 8 g of a 
membrane fraction as precipitates. 

<3> Purification of enzyme 

[0088] The membrane fraction was redispersed in 10 mM potassium phosphate buffer (pH 6.0) containing 1% of 
Triton X-100 as a final concentration. Then, the dispersion was slowly stirred overnight at 4°C. After the dispersion 
was subjected to ultracentrifugation (69,800 x g, 4°C, 90 minutes), the solubilized membrane fraction was centrifuged 
again at 4°C for 1 5 minutes at 1 5,000 x g to obtain a supernatant. 

[0089] The solubilized membrane fraction was added with the same volume of 1 0 mM potassium phosphate buffer 
(pH 8.0) containing 0.2% Triton X-1 00. The solution was dialyzed, and then applied to a DEAE-TOYO PEARL column 
(22 mm ID x 20 cm, Tosoh Corporation, Tokyo, Japan) equalized with 10 mM potassium phosphate buffer (pH 8.0) 
containing 0.2% Triton X-100. Proteins were eluted with a linear gradient of 0 to 0.15 M NaCI in 10 mM potassium 
phosphate buffer (pH 8.0). The flow rate was 5 ml/min. GDH was eluted at a NaCI concentration of about 75 mM. 
Fractions exhibiting the GDH activity were collected and dialyzed overnight against 1 0 mM potassium phosphate buffer 
(pH 8.0, 4°C) containing 0.2% Triton X-100. 

[0090] Further, the dialyzed enzyme solution was applied to a DEAE-5PW column (8.0 mm ID x 7.5 cm, Tosoh 
Corporation, Tokyo, Japan). This column was equilibrated beforehand with 10 mM potassium phosphate buffer (pH 
6.0) containing 0.2% Triton X-100. The proteins were eluted with a linear gradient of 0 to 100 mM NaCI in 10 mM 
potassium phosphate buffer (pH 8.0). The flow rate was 1 ml/min. Fractions exhibiting the GDH activity were eluted at 
a NaCI concentration of about 20 mM. The fractions having the GDH activity were collected and desalted overnight 
with 10 mM potassium phosphate buffer (pH 8.0) containing 0.2% Triton X-100 to obtain the purified enzyme. 
[0091] The GDH activity was measured according to the following method throughout this example and the following 
examples. 

[0092] As electron acceptors, 2,6-dichlorophenol-indophenol (DCIP) and phenazine methosulfate (PMS) were used 
The reaction was allowed in a polyethylene tube at a predetermined temperature. In a volume of 5 uJ of the enzyme 
solution was added to 20 uJ of 25 mM Tris-HCI buffer (pH 8.0) containing 0.75 mM PMS and 0.75 mM DCIP This 
mixture was left for 1 minute beforehand at a constant temperature. The reaction was started with the addition of 1 uJ 
of 2 M glucose (final concentration: 77 mM) and left at a constant temperature for 2 minutes. Subsequently, 100 uJ of 
ice-cooled distilled water or 120 uJ of 7.5 M urea was added to cool the sample. A reduction reaction of the electron 
acceptors due to the dehydrogenation of glucose was monitored by using an ultra-micro measurement cell (100 u.l) 
and a spectrophotometer (UV160, Shimadzu Corporation, Kyoto, Japan) that enabled measurement using the cell 
That is, decoloration with time due to the reduction of DCIP was measured at 600 nm, which is the absorption wave- 
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length of DCIP. The molar absorbance coefficient of DCIP (22.23 mM x cm' 1 ) was used. One unit (U) of the enzyme 
was defined as the amount of oxidizing 1 u,M of glucose per minute under standard test conditions. The protein con- 
centration was measured by the Lowry method. 

5 Example 3 

[0093] Native PAGE electrophoresis was performed for the purified enzyme. The electrophoresis was performed on 
8 to 25% polyacrylamide gradient gel using a Tris-alanine buffer system containing 1% Triton X-100. The get was 
stained with silver nitrate. As protein markers, thyroglobulin (669 kDa), ferritin (440 kDa), catalase (232 kDa), aldolase 
10 (158 kDa), bovine serum albumin (67 kDa), ovalbumin (43 kDa) and chymotrypsinogen A (25 kDa) were used. 

[0094] Further, activity staining was performed for the native PAGE gel by incubating the gel in the following solution 
for 30 minutes. At GDH activity sites, nitroblue tetrazolium was reduced and formazan was produced, resulting in 
development of dark purple color. 



15 


200 mM 


glucose 




0.1 mM 


nitroblue tetrazolium 




0.3 mM 


phenazine methosulfate 




20 mM 


Tris-HCI buffer (pH 8.0) 



20 

[0095] From the results of the silver staining in the native PAGE, it was estimated that the enzyme consisted of a 
single kind of enzyme and had a molecular weight of about 400 kDa. Further, when the gel was stained for the activity, 
the activity was observed at a site of the same mobility as in the silver staining (See Fig. 1 . In the figure, Lane 1 shows 
the results of silver staining of marker proteins having standard molecular weights, Lane 2 shows the silver staining of 
25 the enzyme, and Lane 4 shows the staining for activity of the enzyme). When the enzyme was heated at 70°C for 30 
minutes; the activity unexpectedly remained, and the enzyme was separated into proteins one of which had the activity 
and showed a molecular weight of about 85 kDa (See Fig. 1 . In the figure, Lane 3 shows the results of the silver staining 
of the enzyme heated at 70°C for 30 minutes, and Lane 5 shows the staining for activity of the enzyme heated at 70°C 
for 30 minutes). These results suggest that the enzyme consists of subunits. 

30 

Example 4 

[0096] The purified enzyme solution was subjected to SDS-PAGE. SDS-PAGE was performed in 8 to 25% gradient 
polyacrylamide gel by using a Tris-tricine buffer. Proteins in the gel were stained with silver nitrate. Separation and 

35 development were automatically performed by using Phast System (Pharmacia). The molecularmass was determined 
based on the relative migrations of the standard proteins. The enzyme was separated into proteins having molecular 
weights of about 60 kDa and 43 kDa by SDS-PAGE (See Fig. 2. Fig. 2 is an electrophoretic photograph. In the figure, 
Lane 1 shows the results of the silver nitrate staining of the marker proteins having standard molecular weights, and 
Lane 2 shows the results of the silver nitrate staining of the enzyme). Thus, it was suggested that the a-subunit of 60 

40 kDa and the p-subunit of 43 kDa were bound in the enzyme, and it was expected that an octamer was formed by four 
each of these subunits bonding to each other. 

[0097] The p-subunit, a protein of 43 kDa separated by SDS-PAGE, was transferred onto a polyvinylidene fluoride 
membrane, and then the amino acid sequence at the N-terminus of the p-subunit was determined by using an amino 
acid sequencer (PPSQ-10, Shimadzu Corporation). As a result, it was found that the amino acid sequence at the N- 
45 terminus of the protein consisted of 16 residues of the amino acid sequence of SEQ ID NO: 5. 

[0098] Further, the results obtained with the enzyme subjected to a heat treatment at 70°C for 30 minutes are shown 
as Lane 3 in Fig. 2. Based on this result of SDS-PAGE, it can be estimated that the enzyme was changed into a single 
polypeptide having a molecular weight of 60 kDa after the heat treatment. 

50 Example 5 

[0099] The enzyme was subjected to gel filtration chromatography. As the gel, TSK Gel G3000SW (Tosoh Corpora- 
tion) was used, and the gel column (8.0 mm ID x 30 cm Tosoh Corporation, Tokyo, Japan) was equilibrated with a 
solution containing 0.3 M NaCI and 0.1% Triton X-100 in 10 mM potassium phosphate buffer (pH 6.0). Fractions {125 
55 pJ) were collected. Seven kinds of protein markers were used to determine the molecular weight of the purified enzyme. 
As the protein markers, thyroglobulin (669 kDa), ferritin (440 kDa), catalase (232 kDa), aldolase (158 kDa), bovine 
serum albumin (67 kDa), ovalbumin (43 kDa) and chymotrypsinogen A (25 kDa) were used. 
[0100] It was confirmed that the molecular weight of the enzyme was about 380 kDa. 
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Example 6 

[01 01 J The optimal temperature of the purified enzyme was examined. 

[0102J The enzyme was incubated beforehand in Tris-HCI buffer (pH 8.0) at a predetermined temperature for 1 
minute and then the reaction was started. The activity was measured at a predetermined reaction temperature The 
optimal temperature was observed around 45°C (see Fig. 3 (a)). Further, a peak was also observed around 75»C 
although the activity was lower than the activity around 45°C. 

[01 03] Further, in order to examine thermal stability of the enzyme, the enzyme was left at each constant temperature 
tor 30 minutes, and the residual enzymatic activity was measured at 45°C (see Fig. 3 (b)). 

Example 7 

[0104] The optimal temperature and the thermal stability of the peptide enzyme constituting the single oligopeptide 
having a molecular weight of 60 kDa obtained by heating the enzyme at 70°C for 30 minutes were examined 
[0105] This pept.de enzyme showed an optimal temperature higher than that of the unhealed enzyme as well as 
thermal stability. There has been no report about an enzyme having such temperature dependency 
[0106] The enzyme was incubated beforehand in Tris-HCI buffer (pH 8.0) at a predetermined temperature for 1 
minute and then the reaction was started. The activity was measured at a predetermined reaction temperature The 
optimal temperature was observed around 75°C (see Fig. 4 (a)). 

[0107] Further, in order to examine thermal stability of the enzyme, the enzyme was left at each constant temperature 
tor 30 minutes, and the residual enzymatic activity was measured at 70°C (see Fig. 4 (b)). 

Example 8 

f °J° 8 I L" ° rder t0 investi 9 ate a role of eacn subunit . spectrophotometry analysis was performed for GDH before and 
after the heat treatment. Figs. 5 (a) and (b) show absorptions of oxidized and reduced GDHs before and after heat 
treatment (in the presence of glucose). The absorption wavelength of the oxidized GDH before heat treatment which 
was the original GDH, showed a characteristic peak at 409 nm. Further, the peak shifted to 41 7 nm in the presence of 
glucose, and two more peaks were observed at 523 nm and 550 nm (Fig. 5 (a)). In contrast, the GDH after the heat 
treatment no longer showed the characteristic peak at 409 nm (Fig. 5 (b)), and no significant difference was observed 
between the oxidized and reduced GDHs. 

[0109] The absorption wavelength of the oxidized GDH before heat treatment, which was the original GDH was 
similar to the absorption wavelength of alcohol dehydrogenase or aldehyde dehydrogenase comprising a dehydroge- 
nase cytochrome complex ol Gluconobacter sp. or Acetobacter sp. (refer to the following references- Adachi O Tava- 
ma, K., Shinagawa, E , Matsushita, K. and Ameyama, M.. Agr. Biol. Chem., 42, 2045-2056 (1978); Adachi'o" Miva- 
gawa, E., Matsushita, K. and Ameyama, M.. Agr. Biol. Chem., 42, 2331-2340 (1978); Ameyama, M. and Adachi O 
Methods Enzymoi L 89, 450-457 (1982); Adachi, O., Tayama, K., Shinagawa, E., Matsushita, K. and Ameyama.' M ,' 
Agr. Biol. Chem., 44, 503-515 (1980); Ameyama, M. and Adachi, O., Methods Enzymoi., 89 491-497 (1982)) 
[01 10] The results indicated a possibility that the oligomer complex of the GDH contained cytochrome Therefore it 
can be considered that the observed wavelength similar to that of cytochrome C is attributable to the fl-subunit and 
was lost during the heat treatment, and thus the 0-subunit consists of cytochrome C. 

Example 9 

[011 1] A band containing the p-subunit obtained by the electrophoresis in Example 4 was excised and the amino 
acid sequence was analyzed by using a peptide sequencer (PPSQ-10, Shimadzu Corporation). As a result the N- 
tenninus ammo acid sequence consisting of 1 6 residues shown in SEQ ID NO: 5 could be obtained 
[01 12] It was attempted to amplify a gene region encoding the aforementioned N-terminus amino acid sequence of 
16 residues by PCR based on the peptide sequence. That is, two of PCR primers were designed, which had a nucleotide 
sequence on the forward side (SEQ ID NO; 6) corresponding to 5 residues at the N-terminus and a nucleotide sequence 
on the reverse side (SEQ ID NO: 7) corresponding to the antisense strand of 5 residues at the C-terminus in the peptide 
chain of the 1 6 residues. When PCR was performed in a conventional manner for the KS1 strain genome by using this 
pair of PCR pnmers, a gene fragment of about 50 bp was amplified. When the nucleotide sequence of this gene 
fragment was determined in a conventional manner, a nucleotide sequence of 58 nucleotides containing the pair of 
PCR pnmers were decoded. Among these nucleotides, 18 nucleotides excluding the PCR primers were analyzed and 
a gene sequence corresponding to a region from Pro, which was the 6th residue from the N-terminus side of the 
TT ed 16 r6SidUeS at the mem,ms of the P-subunit, to Arg, which was the 11th residue, was found (SEQ 
ID NO: 8). Thus, it was found that the amplified gene fragment included the gene fragment of the p-subunit 
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[01 1 3] Further, it was also found that the 0-subunit existed after 22 amino acid residues following the a-subunit. This 
was based on a finding that, since the amino acid sequence at the N-terminus of the purified p-subunit determined in 
Example 4 matched 5 amino acid residues translated from the nucleotide sequence of the nucleotide numbers 2452 
to 2466 in SEQ ID NO: 1 : these sequences are identical. 

[0114] Furthermore, it is inferred that the nucleotide sequence of the nucleotide numbers 2386 to 2451 in SEQ ID 
NO: 1 is the signal peptide of the p-subunit. The amino acid sequence encoded by this nucleotide sequence corresponds 
to the amino acid numbers 1 to 22 in the amino acid sequence of SEQ ID NO: 4. 

Example 10 

[0115] The purified enzyme and a commercially available NAD coenzyme GDH (abbreviated as "NAD-GDH") were 
added and mixed in 50 mM potassium phosphate buffer (pH 7.5) containing 0.1% Triton X-100 and 1 mM CaCI 2 at a 
concentration of 1 00 U/L each. Each solution was placed in a hot tank at 60°C, and the residual activity was measured. 

Table 2: 



Residual relative activity (%) 


Time (min) 


NAD-GDH 


The enzyme GDH 


0 


100 


100 


15 


20 


100 


30 


5 


100 



[0116] It was confirmed that the enzyme had surprising thermal stability in comparison with that of the currently 1 
commercially available GDH enzyme. It was found that the enzyme was a novel enzyme that is totally different from 
the commercially available NAD-GDH. 

Example 10: Isolation of gene encoding a-subunit of GDH 

<1 > Preparation of chromosomal DNA from Burkhorderia cepacia KS1 strain 

[01 1 7] A chromosomal gene was prepared from the Burkhorderia cepacia KS1 strain in a conventional manner. That 
is, the bacterial strain was shaken overnight at 34°C by using a TL liquid medium (1 0 g of polypeptone, 1 g of yeast 
extract, 5 g of NaCI, 2 g of KH 2 P0 4 , 5 g of glucose in 1 L, pH 7.2). The grown cells were collected by using a centrifugal 
machine. The cells were suspended in a solution containing 10 mM NaCI, 20 mM Tris-HCI (pH 8.0), 1 mM EDTA ; 0.5% 
SDS and 100 u.g/ml proteinase K and treated at 50°C for 6 hours. This mixture was added with an equivalent volume 
of phenolchloroform and stirred at room temperature for 1 0 minutes, and then the supernatant was collected by using 
a centrifugal machine. The supernatant was added with sodium acetate at a final concentration of 0.3 M and overlaid 
with two-fold volume of ethano! to precipitate chromosomal DNA in the intermediate layer. The DNA was taken up with 
a glass rod, washed with 70% ethanol and dissolved in an appropriate amount of TE buffer to obtain a chromosomal 
DNA solution. 
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<2> Determination of N-terminus amino acid sequence of a-subunit of GDH 

[01 1 8] GDH purified in the same manner as in Example 2 was concentrated by lyophilization and developed by SDS- 
electrophoresis using 1 2.5% poiyacrylamide to isolate the a-subunit. The a-subunit thus obtained was transferred onto 
a polyvinylidene fluoride membrane, and then the N-terminus amino acid sequence was determined by using an amino 
acid sequencer (PPSQ-10, Shimadzu Corporation). As a result, it was found that the enzyme included a peptide se- 
quence consisting of 11 residues of the amino acid numbers 2 to 12 in the amino acid sequence of SEQ ID NO: 3. 

<3> Cloning of gene encoding a-subunit 

[0119] In an amount of 1 u.g of the DNA prepared in <1> was subjected to limited digestion with a restriction enzyme 
Sau3AI and treated with calf intestinal alkaline phosphatase (CIAP). Separately, SuperCosI (obtained from STRATA- 
GENE), which is a cosmid, was treated with BamHI, and the DNA fragment obtained by the limited digestion of the 
chromosomal DNA fragment derived from the a-15 strain with Sau3AI was incorporated into SuperCosI by using T4 
DNA ligase. Escherichia co//XL-1 Blue MR (obtained from STRATAGENE) was transformed with the obtained recom- 
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SLcTh ? n Transformants were se| ected on an LB agar medium containing 1 0 ug/ml neomycin and 25 ,tg/ml ampicillin 
based on neomycin res.stance and ampicillin resistance, which are antibiotic resistances of SuperCosI The obtained 

l a rinT antS W6re CU ' tUred in thC LB ' iqUid mediUm ' These t™sformant "lis were collected and suspended in a 
reagent for measunng the GDH activity, and clones were selected by using dehydrogenase activity for glucose as an 
index. As a result, one clone strain showing the glucose dehydrogenase activity was obtained. 

<4> Subcloning 

S ™ A fra9 " lents 1° ntainin 9 the tar 9 et gene were prepared from the cosmid, SuperCosI, containing the gene 
encoding the a-subun.t obtained in <3>. The inserted gene fragments were excised from the cosmid by using a re- 

oUcTsTTh ZJ^ m ,ra9memS W6re tr6ated ■* 8 reStricti0n en ^ me Xbal and incorporated into pLmid 
PUC18 digested with Xbal. The Escherichia co/, DH5«MCR strain was transformed with the plasmid pUCI 8 containing 

S;!!" a f 9ment ' °° l0nieS 9r0Wn ° n a " LB agar medium confining 50 ng/ml ampicillin were collected. The 
obta.ned transformants were cultured in a liquid LB medium and examined for the GDH activity in the cells in the same 

^TZrlV"^ t 3 reS ?' 3 Strai " Sh ° Wing thS GDH activity Was obtained from one transformant. The plasmid 

»Z ■! « . .^ < * mafM ' the inSert6d ° NA fmgment Was ana, y 2ed As a resu,t . » insert fragment of 
about 8.8 kbp was confirmed. This plasmid was designated as pKS1 . B 

<5> Determination of nucleotide sequence 

!™I T ^ nUCle °!, id6 Sequence °' tne inserted DNA Anient in pKSI was determined according to the restriction 
acfdd" yS, r T 9 CO h nven ( tional method - As a resu ». 'he sequence of the DNA encoding the N-terminus amino 
acid sequence of the a-subun„ found in <2> was confirmed in this inserted DNA fragment, and an open reading frame 

enrnripHh k "T^ f ° Und ^ detemiined BU * oM * S6qUence and the amino acid s *<*>*™ '"at can be 
from* V T ,deseg,Jenceareass nown in SEQ ID NOS:1and3.Themoiecularweightofaprotein obtained 

S pfrp f°th S ^ UenCe WaS 59,831 ° a and substam ^"y matched the molecular weight of 60 kDa obtained by 
SDS-PAGE of the a-subunit of the Burkhorderia cepacia KS1 strain. 

[0122] Since the nucleotide sequence of the a-subunit was determined, a vector was produced by using the afore- 
mentioned structural gene of the a-subunit, and a transformant was further produced with this vector 
[0123] First, a gene to be inserted into the vector was prepared as follows 

WJtl A T f teati ° n ^ Perf ° rmed bV PCR USing 3 9enome fragment derived from tn e KS1 strain as a template so 
thata desired restncfon enzyme site should be included. The following pair of oligonucleotide primers were used in 



( Forward ) 

5 ' -CCCAAGCTTGGGCCGATACCGATACGCA-3 ' (SEQ ID NO: 9) 
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(Reverse) 

5 ' -GAGAAGCTTTCCGCACGGTCAGACTTCC-3 ' (SEQ ID NO: 10) 

SVIa^ ^ di9eSted With 8 reStriCti ° n SnZyme Hindl " and inserted into the expression 

mi£i tk ^ ? ' L It C,0n,n9 S ' te ' Hind '" Si,e - Tne 0btained plasmid was ^signaled as pFLAG-CTS/a 
[0126] The Eschenchia col, DH5aMCR strain was transformed with the aforementioned plasmid pFLAG-CTS/a and 
a colony grown on an LB agar medium containing 50 u.g/ml ampicillin was collected 

[0127] Further, when the open reading frame of the pKS1 insert fragment was searched in the upstream of the «- 
SEo n n mo p r ? 9 ,T I 0 ' nUCle ° tideS enC ° ding 3 P °' ypeptide COmprising 168 ami "° acid residues shown in 
f 0 Tncod e ^ 

[0128] Since it was found that the region encoding the ^subunit existed upstream from the coding region of the <x- 
subunit, a recombinant vector containing a gene having a polycistronic structure continuously including the y-subunit 
and the a-subun.t was produced, and a transformant introduced with this vector was constructed 
[0129] First, a gene to be inserted into the vector was prepared as follows. 
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[0130] Amplification was performed by PCR using a genome fragment of the KS1 strain continuously including the 
structural gene of the 7-subunit and the structural gene of the a-subunit as a template so that a desired restriction 
enzyme site should be included. The following pair of oligonucleotide primers were used for PCR. 
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( Forward ) 

5 ' -CATGCCATGGCACACAACGACAACACT-3 ' (SEQ ID NO: 11) 
(Reverse) 

5 ' -CCCAAGCTTGGGTCAGACTTCCTTCTTCAGC-3 ' (SEQ ID NO: 12) 



[0131] The 5' end and the 3' end of the gene amplified by PCR were digested with Ncol and Hindlll, respectively, 
and the gene was inserted into the vector pTrc99A (Pharmacia) at its cloning site, Ncol/Hindlll site. The obtained 
plasmid was designated as pTrc99A/y+a. 
20 [01 32] The Escherichia coli DH5aMCR strain was transformed with the aforementioned plasmid pTrc99A/y+a, and 
a colony grown on an LB agar medium containing 50 u.g/ml ampicillin was collected. 

Example 11 : Production of a-subunit of GDH by recombinant Escherichia coli 

25 [0133] The a-subunit was produced by using the Escherichia coli DHSaMCR strain transformed with each of the 
aforementioned plasmids pKS1, pFLAG-CTS/a and pTrc99A/y+a. Each transformant was inoculated into 3 ml of LB 
medium containing 50 u,g/ml ampicillin and cultured at 37°C for 1 2 hours, and cells were collected by using a centrifugal 
machine. The cells were disrupted by using a French press (1500 kgf), and a membrane fraction (10 mM potassium 
phosphate buffer, pH 6.0) was isolated by ultracentrifugation (160,400 x g : 4°C, 90 minutes). 



Example 12: Assay of glucose 



[0134] First, the GDH activity in each of the aforementioned membrane fractions was confirmed. Specifically, visual 
determination was performed by using a 10mM potassium phosphate buffer (pH 7.0) containing 594 liM methylphen- 
35 azine methosulfate (mPMS) and 5.94 p.M 2,6-dichlorophenoHndopheol (DCIP). The results are shown below. The 
number of + represents the degree of color change from blue to colorless. 



Membrane fraction of cultured transformant transformed with pFLAG-CTS/a 
Membrane fraction of cultured transformant transformed with pKS1 
Membrane fraction of cultured transformant transformed with pTrc99A/y+a 



[01 35] The GDH activity of the membrane fraction of the cultured transformant transformed with pFLAG-CTS/a in- 
corporated only with the a-subunit was the lowest, and the GDH activity of the membrane fraction of the cultured 
45 transformant transformed with pTrc99A/-ffa, with which a vector was efficiently constructed, was the highest. 

[0136] Although the a-subunit was expressed even in the transformant transformed with a vector using only the 
structural gene of the a-subunit, the a-subunit could be efficiently obtained by using a vector containing the structural 
gene of the 7-subunit and the structural gene of the a-subunit in combination. 

[0137] Glucose was assayed by using the glucose dehydrogenase of the present invention. The enzymatic activity 
5Q of the glucose dehydrogenase (a-subunit) of the present invention was measured by using glucose at various concen- 
trations. The GDH activity was measured in 10 mM potassium phosphate buffer (pH 7.0) containing 594 p.M methyl- 
phenazine methosulfate (mPMS) and 5.94 jiM 2,6-dichlorophenol-indopheol (DCIP). An enzyme sample and glucose 
as a substrate were added and incubated at 37°C, and change in the absorbance of DCIP at 600 nm was monitored 
by using a spectrophotometer. The absorbance decreasing rate was measured as an enzymatic reaction rate. Glucose 
55 could be quantified in the range of 0.01 to 1 .0 mM by using the GDH of the present invention. 
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Example 13: Preparation and evaluation of glucose sensor 



[01 38] The glucose dehydrogenase (25 units) of the present invention obtained in Example 2 was added with 20 mg 
of carbon paste and lyophilized. These were sufficiently mixed, applied only on a surface of a carbon paste electrode 
already filled with about 40 mg of carbon paste and polished on a filter paper. This electrode was treated in 10 mM 
MOPS buffer (pH 7.0) containing 1% glutaraldehyde at room temperature for 30 minutes and then treated in 10 mM 
MOPS buffer (pH 7.0) containing 20 mM lysine at room temperature for 20 minutes to block glutaraldehyde This 
electrode was equilibrated in 10 mM MOPS buffer (pH 7.0) at room temperature for 1 hour or longer The electrode 
was stored at 4° C. 

[01 39] By using the aforementioned electrode as a working electrode, an Ag/AgCI electrode as a reference electrode 
and a Pt electrode as a counter electrode, a response current value was measured upon addition of glucose. The 10 
mM potassium phosphate buffer containing 1 mM methoxy-PMS was used as the reaction solution, and a potential of 
1 00 m V was applied for the measurement. 

[0140] Glucose concentration was measured by using the produced enzyme sensor. Glucose could be quantified in 
the range of 0.05 to 5.0 mM by using the enzyme sensor on which the glucose dehydrogenase of the present invention 
was immobilized (Fig. 6). 

Example 14: Prep aration and evaluation of glucose sensor by GDH obtained from transformant 

[0141] In an amount of 1 0 U of the a-subunit (249 U/mg protein) of the present invention obtained in Example 12 
was added with 50 mg of carbon paste and lyophilized. These were sufficiently mixed, applied only on a surface of a 
carbon paste electrode already filled with about 40 mg of carbon paste and polished on a filter paper. This electrode 
was treated in a 1 0 mM MOPS buffer (pH 7.0) containing 1% glutaraldehyde at room temperature for 30 minutes and 
then treated in 10 mM MOPS buffer (pH 7.0) containing 20 mM lysine at room temperature for 20 minutes to block 
glutaraldehyde. This electrode was equilibrated in 10 mM MOPS buffer (pH 7.0) at room temperature for 1 hour or 
longer. The electrode was stored at 4°C. 

[01 42] By using the aforementioned electrode as a working electrode, an Ag/AgCI electrode as a reference electrode 
and a Pt electrode as a counter electrode, a response current value was measured upon addition of glucose. The 1 0 
mM potassium phosphate buffer containing 1 mM methoxy-PMS was used as the reaction solution, and the measure- 
ment was performed for glucose aqueous solutions of various concentrations at 25°C and 40°C with applvinq a potential 
oMOOmV. 

[01 43] It was confirmed that, when the glucose concentration was measured by using the produced enzyme sensor, 
a current corresponding to each concentration was obtained. 

35 Industrial Applicability 

[01 44] According to the present invention, an enzyme that has high substrate specificity, can be produced at a low 
cost and is not affected by oxygen dissolved in a measurement sample, in particular, novel glucose dehydrogenase 
having superior thermal stability, and a method for producing the enzyme could be provided. Further, a novel bacterial 
40 strain of Burkhcrderia cepacia producing the enzyme was obtained. A glucose sensor effective for measurement of 
glucose can also be provided by using an enzyme electrode containing the enzyme or the bacterial strain. 
[0145] Further, since the glucose dehydrogenase gene, a peptide that enables efficient expression of the gene and 
a DNA encoding this peptide were found by the present invention, a large amount of GDH can be prepared by using 
recombinant DNA techniques based on the gene. 
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SEQUENCE LISTING 

<!10> SODE, Koji 

<120> Novel Glucose Dehydrogenase and Method 
/or Producing the Dehydrogenase 

<130> KOI 262 

<14l> 2001-10-31 

<150> JP 2000-332085 
<151> 2000-10-31 

<150> JP 2000-357102 
<151> 2000-11-24 

<150> JP 2001-276832 
<151> 2001-09-12 

<160> 12 

<170> Patentln Ver. 2.0 
<210> 1 
<211> 2467 
<212> DNA 

<213> Burkhorderia ceDacia 

<220> 
<221> CDS 

<222> (258).. (761) 

<220> 
<221> CDS 

<222> (764).. (2380) 

<220> 
<221> CDS 

<222> (2386).. (2466) 
<400> 1 

aagctttctg tttgattgca cgcgaticta accgagcgtc tgtgaggcgg aacgcgacat 60 
gel tcgigtc gcacacglgl cgcgccgacg acacaaaaai geagegaaat ggclgalcgl 120 
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tacgaatggc tgacacattg aalggactat aaaaccaltg tccgl tccgg aatgtgcgcg 180 
tacatttcag gtccgcgccg atttttgaga aatatcaagc gtggttttcc cgaatccggt 240 
gttcgagaga aggaaac atg cac aac gac aac act ccc cac teg cgt cgc 290 
Met His Asn Asp Asn Thr Pro His Ser Arg Arg 
1 5 ]0 

cac ggc gac gca gec gca tea ggc ate acg egg cgt caa tgg ug caa 338 
His Cly Asp Ala Ala Ala Ser Gly lie Thr Arg Arg Gin Trp Leu Gin 

15 20 25 

ggc gcg ctg gcg ctg acc gca gcg ggc etc acg ggt teg ctg aca Ug 386 
Gly Ala Leu Ala Leu Thr Ala Ala Gly Leu Thr Gly Ser Leu Thr Leu 

30 35 40 

egg gcg ctt gca gac aac ccc ggc act gcg ccg etc gal acg tic atg 434 
Arg Ala Leu Ala Asp Asn Pro Gly Thr Ala Pro Leu Asp Thr Phe Met 

45 50 55 

acg ctt tec gaa teg ctg acc ggc aag aaa ggg etc age cgc gtg ate 482 
Thr Leu Ser Glu Ser Leu Thr Gly Lys Lys Gly Leu Ser Arg Yal lie 
60 65 70 " 75 

ggc gag cgc ctg ctg cag gcg ctg cag aag ggc teg ttc aag acg gee 530 
Gly Glu Arg Leu Leu Gin Ala Leu Gin Lys Gly Ser Phe Lys Thr Ala 

80 85 " 90 

gac age ctg ccg cag etc gec ggc gcg etc gcg tec ggt teg ctg acg 578 
Asp Ser Leu Pro Gin Leu Ala Gly Ala Leu Ala Ser Gly Ser Leu Thr 

95 100 105 

cct gaa cag gaa teg etc gca ctg acg ate etc gag gec tgg tat etc 626 
Pro Glu Gin Glu Ser Leu Ala Leu Thr He Leu Glu Ala Trp Tyr Leu 

110 115 120 

ggc ate gtc gac aac gtc gtg att acg lac gag gaa gca tta atg ttc 674 
Gly lie Val Asp Asn Val Val He Thr Tyr Glu Glu Ala Leu Met Phe 

125 130 135 

ggc gtc gtg tec gat acg etc gtg ate cgt teg tat tgc ccc aac aaa 722 
Gly Val Val Ser Asp Thr Leu Val lie Arg Ser Tyr Cys Pro Asn Lys 
HO 145 150 155 

ccc ggc ttc tgg gec gac aaa ccg ate gag agg caa gec tg atg gec 769 
Pro Gly Phe Trp Ala Asp Lys Pro lie Glu Arg Gin Ala Met Ala 
160 165 no 

gat acc gat acg caa aag gec gac gtc gtc gtc gtt gga teg ggt gtc 817 
Asp Thr Asp Thr Gin Lys Ala Asp Val Val Val Val Gly Ser Gly Val 

175 180 185 

gcg ggc gcg ate gtc gcg cat cag etc gcg atg gcg ggc aag gcg gtg 865 
Ala Gly Ala lie Val Ala His Gin Leu Ala Mel Ala Gly Lys Ala Val 

190 195 200 

ate ctg etc gaa gcg ggc ccg cgc atg ccg cgc Igg gaa ate gtc gag 913 
He Leu Leu Glu Ala Gly Pro Arg Met Pro Arg Trp Glu He Val Glu 
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cgc ttc 
Arg Phe 
220 
teg age 
Ser Ser 
235 

ctg ate 
Leu He 

gtg ggc 
Val Civ 

ccg aac 
Pro Asn 

ccg ate 
Pro lie 
300 
gag etc 
Glu Leu 
315 

cgc aag 
Arg Lys 

cag ace 
Gin Thr 

gtg acc 
Val Thr 

act tgt 
Thr Cys 
380 
atg tac 
Mel Tyr 
395 

aag ctg 
Lys Leu 

aag cgc 
Lys Arg 



55 



205 

cgc aat 
Arg Asn 

ccc tgg 
Pro Trp 

ctg aag 
Leu Lys 

ggc acg 
Gly Thr 
• 270 
gac ttc 
Asp Phe 
285 

cag tac 
Gin Tyr 

ggc gtg 
Gly Val 

cag ccg 
Gin Pro 

ate aag 
He Lys 
350 
gag ccg 
Glu Pro 
365 

tgc ggc 
Cys Gly 

aac ggc 
Asn Gly 

ate gag 
He Glu 

ate gtc 
He Val 
430 



cag ccc 
Gin Pro 

gcg ccg 
Ala Pro 
240 
ggc gag 
Gly Giu 
255 

acg tgg 
Thr Trp 

aag atg 
Lys Met 

gac gat 
Asp Asp 

tgg ggc 
Trp Gly 
320 
tat ccg 
Tyr Pro 
335 

acg gcg 
Thr Ala 

gtc gcg 
Val Ala 

aac aac 
Asn Asn 

ate gtg 
He Val 
400 
aac gcg 
Asn Ala 
415 

gcg gcg 
Ala Ala 



210 

gac aag atg gac 
Asp Lys Met Asp 
225 

cat ccc gag tac 
His Pro Glu Tyr 



cac aag 
His Lys 

cac tgg 
His Trp 

aag age 
Lys Ser 
290 
etc gag 
Leu Glu 
305 

ccg ggc 
Pro Gly 

atg ccg 
Met Pro 

ctg aac 
Leu Asn 

cgc aac 
Arg Asn 
370 
aac tgc 
Asn Cys 
385 

cac gtc 
His Val 



ttc aac 
Phe Asn 
260 
gec gcg 
Ala Ala 
275 

gtg tac 
Val Tyr 

ccg tac 
Pro Tyr 

ccc gag 
Pro Glu 

ccg ctg 
Pro Leu 
340 
aac tac 
Asn Tyr 
355 

age cgc 
Ser Arg 

atg ccg 
Met Pro 

gag aag 
Glu, Lys 



gtc gtc tac aag 
Val Val Tyr Lys 
420 

etc tac aag gac 
Leu Tyr Lys Asp 
435 



ttc atg 
Phe Met 
230 
ggc ccg 
Gly Pro 
245 

teg cag 
Ser Gin 

teg gcg 
Ser Ala 

ggc gtc 
Gly Val 

tat cag 
Tyr Gin 
310 
gaa gat 
Glu Asp 
325 

ccg ttg 
Pro Leu 

gat ccg 
Asp Pro 

ccg tac 
Pro Tyr 

ate tgc 
lie Cys 
390 
gec gaa 
Ala Glu 
405 

etc gag 
Leu Glu 

aag acg 
Lys Thr 



215 

gcg ccg tac ccg 
Ala Pro Tyr Pro 



ccg aac 
Pro Asn 

tac ate 
Tyr He 

tgg cgc 
Trp Arg 
280 
ggc cgc 
Gly Arg 
295 

cgc gcg 
Arg Ala 

ctg tac 
Leu Tyr 

teg ttc 
Ser Phe 

aag ttc 
Lys Phe 
360 
gac ggc 
Asp Gly 
375 

ccg ate 
Pro lie 

cgc gee 
Arg Ala 

acg ggc 
Thr Gly 

ggc gec 
Gly Ala 
440 



gac tac 
Asp Tyr 
250 
cgc gcg 
Arg Ala 
265 

ttc att 
Phe He 

gac tgg 
Asp Trp 

gag gaa 
Glu Glu 

teg ccg 
Ser Pro 
330 
aac gag 
Asn Glu 
345 

cat gtc 
His Val 

cgc ccg 
Arg Pro 

ggc gcg 
Gly Ala 

ggc gcg 
Gly Ala 
410 
ccg gac 
Pro Asp 
425 

gag eat 
Glu His 



961 
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1105 



1153 



1201 



1249 



1297 



1345 



1393 



1441 



1489 



1537 



1585 
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cgc gtc 
Arg Yal 

ccg aag 
Pro Lys 
460 
gcg aac 
Ala Asn 
475 

acc ggc 
Thr Gly 

ccg cag 
Pro Gin 

gcg acc 
Ala Thr 

gac cag 
Asp Gin 
540 
gac gag 
Asp Gtu 
555 

ttc gac 
Phe Asp 

ccg age 
Pro Ser 

acg tat 
Thr Tyr 

gag gtc 
Glu Val 
620 
ttc aac 
Phe Asn 
635 

atg ggc 
Met Cly 

ttc gac 



gaa ggc aag 

Glu Gly Lys 
445 

ate ctg ctg 

He Leu Leu 

age teg gac 
Ser Ser Asp 

gtg teg ttc 
Val Ser Phe 
495 

gag atg acg 
Glu Met Thr 

510 
gaa gcg gcg 
Glu Ala Ala 
525 

gag acg cag 
Glu Thr Gin 

etc gac gcg 
Leu Asp Ala 

tgc ttc cac 
Cys Phe His 
575 

aag acg gcg 
Lys Thr Ala 

590 
gcg ate gac 
Ala He Asp 
605 

tac gcg acc 
Tyr Ala Thr 

gac gaa ttc 
Asp Glu Phe 

gec gat gcg 
Ala Asp Ala 
655 

cat ccg aac 



tat ttc 
Tyr Phe 

atg tec 
Met Ser 
465 
atg gtc 
Met Val 
480 

tat gcg 
Tyr Ala 

teg ctg 
Ser Leu 

aag aag 
Lys Lys 

aag ate 
Lys He 
545 
cag ate 
Gin He 
560 

gaa ate 
Glu He 

ace gat 
Thr Asp 

gac tac 
Asp Tyr 

gec gcg 
Ala Ala 
625 
gcg ccg 
Ala Pro 
640 

cgc gac 
Arg Asp 



gtg etc gec gcg 
Val Leu Ala Ala 
450 

gcg aac cgc gat 
Ala Asn Arg Asp 



ggc cgc 
Gly Arg 

age gag 
Ser Glu 

ate ggt 
He Gly 
515 
ate cac 
He His 
530 

ttc aag 
Phe Lys 

cgc gac 
Arg Asp 

ctg ccg 
Leu Pro 

gcg ate 
Ala lie 
595 
gtg aag 
Val Lys 
610 

aag gtg 
Lys Val 



aac ctg 
Asn Leu 
485 
aag ctg 
Lys Leu 
500 

ttc cgc 
Phe Arg 

ctg teg 
Leu Ser 

gec ggc 
Ala Gly 

cgt tec 
Arg Ser 
565 
caa ccc 
Gin Pro 
580 

ggc att 
Gly He 

cgc ggc 
Arg Gly 

etc ggc 
Leu Gly 



aac ggc 
Asn Gly 
455 
ttc ccg 
Phe Pro 
470 

atg gac 
Met Asp 

tgg ccg 
Trp Pro 

gac ggt 
Asp Gly 

aac ctg 
Asn Leu 
535 
aag ctg 
Lys Leu 
550 

gca cgc 
Ala Arg 

gag aac 
Glu Asn 

ccg cgc 
Pro Arg 

gec gcg 
Ala Ala 
615 
ggc acg 
Gly Thr 
630 



aac aat cac ate acg ggc 

Asn Asn His He Thr Gly 
645 

tec gtc gtc gac aag gac 

Ser Val Val Asp Lys Asp 
660 

ctg tic att teg age age gcg acg 



ate gag acg 
He Glu Thr 

aac ggt gtc 
Asn Gly Val 

cat ccg ggc 
His Pro Gly 
490 

ggc cgc ggc 
Gly Arg Gly 

505 
ccg t tc cgc 
Pro Phe Arg 
520 

teg cgc ate 
Ser Arg He 

atg aag ccc 
Met Lys Pro 

tac gtg cag 
Tyr Val Gin 
570 

cgc ate gtg 
Arg He Val 
585 

ccc gag ate 
Pro Glu He 
600 

cat acg cgc 
His Thr Arg 

gac gtc gtg 
Asp Val Val 

teg acg ate 
Ser Thr He 
650 

tgc cgc acg 
Cys Arg Thr 

665 
atg ccg acc 
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2209 
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Phe Asp His Pro Asn Leu Phe He Ser Ser Ser Ala Thr Met Pro Thr 

670 675 680 

gtc ggl acc gta aac g(g acg ctg acg ate gcc gcg clc gcg ctg egg 2353 

Val Gly Thr Val Asn Val Thr Leu Thr He Ala Ala Leu Ala Leu Arg 

685 690 695 

atg teg gac acg ctg aag aag gaa gtc tgacc gtg egg aaa tct act etc 2403 

Met Ser Asp Thr Leu Lys Lys Clu Val Val Arg Lys Ser Thr Leu 

700 705 710 

act ttc etc ate gcc ggc tgc clc gcg ttg ccg ggc ttc gcg cgc gcg 2451 

Thr Phe Leu He Ala Gly Cys Leu Ala Leu Pro Gly Phe Ala Arg Ala 

715 720 725 

gcc gat gcg gcc gat c 2467 
Ala Asp Ala Ala Asp 
730 



<210> 2 
<211> 168 
<212> PRT 

<213> Burkhorderia cepacia 
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165 







Ser Arg Arg His Gly Asp Ala Ala 

10 15 
Trp Leu Gin Gly Ala Leu Ala Leu 

25 30 
Leu Thr Leu Arg Ala Leu Ala Asp 
45 

Thr Phe Met Thr Leu Ser Glu Ser 
60 

Arg Val He Gly Glu Arg Leu Leu 
75 80 
Lys Thr Ala Asp Ser Leu Pro Gin 

90 95 
Ser Leu Thr Pro Glu Gin Glu Ser 
105 110 
Trp Tyr Leu Gly He Val Asp Asn 
125 

Leu Mel Phe Gly Val Val Ser Asp 
140 

Pro Asn Lys Pro Gly Phe Trp Ala 
155 160 
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<210> 3 
<21I> 539 
<212> PRT 

<213> Burkhorderia cepacia 
<400> 3 

Met Ala Asp Thr Asp Thr Gin Lys Ala Asp Val Val Val Val Gly Ser 

1 5 10 15 

Gly Val Ala Gly Ala He Val Ala His Gin Leu Ala Mel Ala Gly Lys 

20 25 30 

Ala Val He Leu Leu Glu Ala Gly Pro Arg Met Pro Arg Trp Glu He 

35 40 45 

Val Glu Arg Phe Arg Asn Gin Pro Asp Lys Mel Asp Phe Met Ala Pro 

50 55 60 

Tyr Pro Ser Ser Pro Trp Ala Pro His Pro Glu Tyr Gly Pro Pro Asn 
65 ™ 75 80 

Asp Tyr Leu He Leu Lys Gly Glu His Lys Phe Asn Ser Gin Tyr He 

85 90 95 

Arg Ala Val Gly Gly Thr Thr Trp His Trp Ala Ala Ser Ala Trp Arg 

100 105 no 

Pne He Pro Asn Asp Phe Lys Met Lys Ser Val Tyr Gly Val Gly Arg 

115 120 125 

Asp Trp Pro He Gin Tyr Asp Asp Leu Glu Pro Tyr Tyr Gin Arg Ala 

130 135 140 

Glu Glu Glu Leu Gly Val Trp Gly Pro Gly Pro Glu Glu Asp Leu Tyr 
145 150 155 , 60 

Ser Pro Arg Lys Gin Pro Tyr Pro Met Pro Pro Leu Pro Leu Ser Phe 

165 no 175 

Asn Glu Gin Thr He Lys Thr Ala Leu Asn Asn Tyr Asp Pro Lys Phe 

180 185 190 

His Val Val Thr Glu Pro Val Ala Arg Asn Ser Arg Pro Tyr Asp Gly 

195 200 205 

Arg Pro Thr Cys Cys Gly Asn Asn Asn Cys Mel Pro lie Cys Pro He 

210 215 220 

Gly Ala Met Tyr Asn Gly lie Val His Val Glu Lys Ala Glu Arg Ala 
225 230 235 2 40 

Gly Ala Lys Leu He Glu Asn Ala Val Val Tyr Lys Leu Glu Thr Gly 

245 250 255 

Pro Asp Lys Arg He Val Ala Ala Leu Tyr Lys Asp Lys Thr Gly Ala 

260 265 270 

Glu His Arg Val Glu Gly Lys Tyr Phe Val Leu Ala Ala Asn Gly lie 

275 280 285 

Glu Thr Pro Lys He Leu Leu Met Ser Ala Asn Arg Asp Phe Pro Asn 
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<210> 4 
<2U> 27 
<23 2> PRT 

<213> Burkhorderia cepacia 
<400> 4 

Val Arg Lvs Ser Thr Leu Thr Phe Leu He Ala Gly Cys Leu Ala Leu 

1 5 10 15 

Pro Gly Phe Ala Arg Ala Ala Asp Ala Ala Asp 
20 25 
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<210> 5 
<2ll> 16 
<2I2> PRT 

<213> Burkhorderia cepacia 
<400> 5 

Ala Asp Ala Ala Asp Pro Ala Leu Val Lys Arg Gly Glu Tyr Leu Ala 
15 10 15 

<2I0> 6 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 6 

gcggatgcgg cggat 

<210> 7 
<21]> 15 
<212> DNA 

<213> Artificial Sequence 
<220) 

<223> Description of Artificial Sequence: primer 
<400> 7 

cgccagatat tcgcc 

<210> 8 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 8 

ccggcgctgg tgaaacgc 
<210> 9 
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<211> 28 
<2l2> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 9 

cccaagcttg ggccgatacc gatacgca 

<210> 10 
<211> 29 
<2I2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 10 

gagaagcttt ccgcacggtc agacttcc 

<210> 11 
<2U> 27 
<212> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 11 

catgccatgg cacacaacga caacact 

<210> 12 
<211> 27 
<212> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 12 

cccaagcttg ggtcagactt ccttcttcag c 
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1 . A method for producing glucose dehydrogenase comprising the steps of culturing a microorganism belonging to 
the genus Burkhorderia and having glucose dehydrogenase producing ability in a medium, and collecting glucose 
dehydrogenase from the medium and/or cells of the microorganism. 

2. The method forproducing glucose dehydrogenase according to claim 1 , wherein the microorganism is Burkhorderia 
cepacia. 

3. The method for producing glucose dehydrogenase according to claim 1 or 2, wherein the glucose dehydrogenase 
has the following properties: 

(i) the enzyme has an action of catalyzing dehydrogenation reaction of glucose; 

(ii) the enzyme consists of subunits showing a molecular weight of about 60 kDa and a molecular weiqht of 
about 43 kDa in SDS-polyacrylamide gel electrophoresis under a reducing condition- 
al) the enzyme shows a molecular weight of about 380 kDa in gel filtration chromatography usinq TSK Gel 
G3000SW (Tosoh Corporation); and 

(iv) the enzyme shows an optimal reaction temperature around 45°C (Tris-HCI buffer, pH 8.0). 

4. The method for producing glucose dehydrogenase according to claim 3, wherein the subunit showing a molecular 
weight of about 43 kDa is an electron-transferring protein. 

5. The method for producing glucose dehydrogenase according to claim 4, wherein the electron -transferring protein 
is cytochrome C. 3P 

6. A glucose dehydrogenase, which can be produced by a microorganism belonging to the genus Burkhorderia. 

7. The glucose dehydrogenase according to claim 6, wherein the microorganism is Burkhorderia cepacia. 

8. The glucose dehydrogenase according to claim 6 or 7, wherein the glucose dehydrogenase has the followina 
properties: a 

(i) the enzyme has an action of catalyzing dehydrogenation reaction of glucose; 

(ii) the enzyme consists of subunits showing a molecular weight of about 60 kDa and a molecular weight of 
about 43 kDa in SDS-polyacrylamide gel electrophoresis under a reducing condition 

(iii) the enzyme shows a molecular weight of about 380 kDa in gel filtration chromatography usinq TSK Gel 
G3000SW (Tosoh Corporation); and * " 9 

(iv) the enzyme shows an optimal reaction temperature around 45°C (Tris-HCI buffer, pH 8.0). 

9. The glucose dehydrogenase according to claim 8, wherein the subunit showing a molecular weight of about 43 
kDa is an electron-transferring protein. 

10. The glucose dehydrogenase according to claim 9, wherein the electron-transferring protein is cytochrome C. 

11. The glucose dehydrogenase according to any one of claims 8 to 10. wherein the subunit showing a molecular 
weight of about 60 kDa compnses the amino acid sequence of the amino acid numbers 2 to 1 2 in SEQ ID NO. 3. 

12. The glucose dehydrogenase according to any one of claims 8 to 1 1 , wherein the N-teiminus of the subunit showinq 
a molecular weight of 43 kDa has the amino acid sequence of SEQ ID NO: 5. 

13. The glucose dehydrogenase according to claim 11 , wherein the subunit showing a molecular weight of about 60 
kDa is a protein defined in the following (A) or (B): 

(A) a protein which has the amino acid sequence of SEQ ID NO: 3; 

(B) a protein which has the amino acid sequence of SEQ ID NO: 3 including substitution, deletion, insertion 
or addition of one or several amino acid residues and a glucose dehydrogenase activity. 

14. The glucose dehydrogenase according to claim 6, which shows activity peaks around 45°C and around 75°C. 
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15. A cytochrome C, which is a subunit of the glucose dehydrogenase according to claim 10 and has the amino acid 
sequence of SEQ ID NO: 5. 

16. A DNA encoding a part of the cytochrome C according to claim 15 and having the nucleotide sequence of SEQ 
5 ID NO: 8, 

17. A DNA encoding a part of the cytochrome C according to claim 15 and having the nucleotide sequence of the 
nucleotide numbers 2386 to 2467 in the nucleotide sequence of SEQ ID NO: 1 . 

10 18. A DNA encoding a signal peptide of the cytochrome C according to claim 15 and comprising the nucleotide se- 
quence of the nucleotide numbers 2386 to 2451 in the nucleotide sequence of SEQ ID NO: 1 . 

19. A peptide which is a signal peptide of cytochrome C and has the amino acid sequence of the amino acid numbers 
1 to 22 in the amino acid sequence of SEQ ID NO: 4. 

15 

20. A protein having the following properties: 

(i) the protein can constitute the glucose dehydrogenase according to claim 6 as a subunit; 

(ii) the protein has a glucose dehydrogenase activity; 

20 (iii) the protein shows a molecular weight of about 60 kDa in SDS-polyacrylamide gel electrophoresis under 

a reducing condition; and 

(iv) the protein shows an optimal reaction temperature around 75°C (Tris-HCI buffer. pH 8.0). 

21. The protein according to claim 20, which comprises the amino acid sequence of the amino acid numbers 2 to 12 
25 in SEQ ID NO: 3. 



22. The glucose dehydrogenase according to claim 21 , wherein the protein is a protein defined in the following (A) or 

(B): 

^o (A) a protein which has the amino acid sequence of SEQ ID NO: 3; 

(B) a protein which has the amino acid sequence of SEQ ID NO: 3 including substitution, deletion, insertion 
or addition of one or several amino acid residues and a glucose dehydrogenase activity. 

23. A protein defined in the following (A) or (B): 

35 

(A) a protein which has the amino acid sequence of SEQ ID NO: 3; 

(B) a protein which has the amino acid sequence of SEQ ID NO: 3 including substitution, deletion, insertion 
or addition of one or several amino acid residues and a glucose dehydrogenase activity. 

40 24. A DNA encoding a protein defined in the following (A) or (B): 

(A) a protein which has the amino acid sequence of SEQ ID NO: 3; 

(B) a protein which has the amino acid sequence of SEQ ID NO: 3 including substitution, deletion, insertion 
or addition of one or several amino acid residues and a glucose dehydrogenase activity. 

45 

25. The DNA according to claim 24, which is a DNA defined in the following (a) or (b): 

(a) a DNA which comprises the nucleotide sequence of the nucleotide numbers 764 to 2380 in the nucleotide 
sequence of SEQ ID NO: 1 ; 

50 (b) a DNA which is hybridizable with a nucleotide sequence comprising the sequence of the nucleotide numbers 

764 to 2380 in SEQ ID NO: 1 or a probe that can be prepared from the sequence under a stringent condition 
and encodes a protein having a glucose dehydrogenase activity. 

26. A recombinant vector comprising the DNA according to claim 24 or 25. 

55 

27. The recombinant vector according to claim 26, which comprises nucleotide sequences encoding the signal peptide 
according to claim 18 and a p-subunit. 
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28. Ajrar^fonnanttransfo^ed with the DNA according to claim 24 or25 orthe recombinant vector according toclaim 

M ' ciZTsT^T^ 9' uc ° se h dehydr09enase com P risin 9 tn * «'ep S of cutturing the transforms according to 
damn 28 to produce glucose dehydrogenase as an expression product of the DNA, and collecting it. 

30. A Burkhorderia cepacia KS1 strain (FERM BP-7306). 

31 " 6 fff* SenS ° r . USi "9 ai \ enzvme elec *°°e including the glucose dehydrogenase according to any one of claims 

!rrd^o p r: 3 r rdin9 ,o any one of ciaims 20 to 23 - the — — *» * — * - - « 
32 - ^T^i:T^tT dehydro9enase Mn9 to any ° ne - — 6 to 14 - - i«- 

33. A protein having the amino acid sequence of SEQ ID NO: 2. 

34. A DNA encoding a protein having the amino acid sequence of SEQ ID NO: 2. 

35 ' %2!££S2££$£ EST" °* " " e — 258 "> » 

36. A DNA comprising m. DNA according ,o dalm 34 o, 35 and mo DNA according „ claim 24 or 25 In Ms on3c, 
38. A recombinant vector comprising the DNA according to claim 36 or 37. 
40.A«rmant,ransformedwi,htheDNAaccordingtoclaim36or37 

41 ' 17m 40 ttroTo^ d f hydr ° genaSe COm P risi "9 * e ^ °< culturing the transfer™, according to 
anTcol^tC C ° Se dehydTO9enaSe 38 an eXpreSSi ° n Substance of the DNA according to claim 36 or 37, 
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Fig. 2 
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